Sporulation of Bacillus licheniformis is inhibited by broad-spectrum light.
vestigations have been made to determine the influence of visible and near-visible light on procaryotes. Recently, it has been shown that light with wavelengths longer than 400 nm affects certain metabolic and physiological processes in bacteria. Tumbling movement and, subsequently, cell paralysis occur when bacteria are exposed to visible light (18) . In addition, respiration, penneation, and adenosine 5'-triphosphate (ATP) production can be influenced by light (1, 4, 13) .
While the effects of light on bacteria were being studied, it was observed that the absolute number of spores produced by Bacillus licheniformis ATCC 10716 continually exposed to broad-spectrum irradiation was less than the number of spores produced by comparable darkgrown cultures. In these experiments bacteria were grown overnight in nutrient broth at 37°C under previously described conditions (15) and spores (i.e., heat-resistant colony-forming units) were determined by the method ofTaber and Freese (17) . Broad-spectrum lighting was provided by one of three types of fluorescent lamps, whose electromagnetic spectra have been described previously ( One possible explanation for dark-grown cultures producing more spores than cultures continually exposed to light is that dark-grown cultures initially produce more cells than lightgrown cultures. This explanation was eliminated by coordinately comparing the growth and sporulation ofB. licheniformis under continuous broad-spectrum irradiation. Figure 1 shows that dark-grown bacteria do show slightly more growth than light-grown cultures, as expected from previous studies (10, 11) . The average (±1 standard deviation) light/ dark growth ratio at stationary phase was 0.77 ± 0.05 for three experiments. When, however, the number of spores produced by the stationary-phase cultures in Fig. 1 The relationship between sporulation and broad-spectrum light was further investigated Bacterial growth under light and dark conditions. Bacteria were dispersed in broth and subdivided into two cultures for growth under continuous light (broad spectrum A, 1,850 AW/cm2) or dark conditions. Growth was measured as optical density at 540 nm. Symbols: (-) dark growth; (0) light growth. using variable intensities of irradiation (Fig.  2) . The relationship between these parameters is best defined by the equation S = e-m*, where S is the fraction of sporulation, e is the base of the natural logarithms, m is the slope of the line, and is the light intensity. For the experimental conditions defined here, m has a value (plus or minus standard error) of 5.52 (+0.45) x 10-4 cm2 ,AW-1.
To determine which specific regions of the light spectrum were responsible for the inhibition of sporulation, cultures were exposed to various narrow bandwidth fluorescent lights having maxima at 371, 419.5, 550, 660, and 750 nm (15, 16) , and the level of sporulation under each light at 440 pAW/cm2 was measured. Preliminary experiments had shown that a semilogarithmic plot of spore fraction versus intensity oflight was linear from 0 to 440 IAW/cm2 for the 371-nm light and from 0 to 780 IAW/cm2 for the 419.5-, 550-, 660-, and 750-nm lights, where 440 and 780 juW/cm2 were the maximum intensities tested for the 371-nm and other lights, respectively. The results ofcorrelating sporulation inhibition with light wavelength are shown in Fig. 3 and indicate that light inhibition of sporulation is primarily associated with shorter wavelengths of the near-ultraviolet and blue regions of the spectrum. Longer wavelengths either have no effect on sporulation or may enhance sporulation slightly.
The inhibition of sporulation observed under shorter wavelengths of light is not due to a permanent block in sporulation. As shown in Fig. 4 , cells continuously exposed to 371-nm light will eventually sporulate to the same extent as dark-grown cells; however, complete sporulation of light-grown cultures takes a longer period of time.
At the present time, neither the primary physiological processes nor the photosensitizing molecules involved in light delay of sporulation have been identified. It is known that exposure of bacteria to light similar to that used in these studies decreases respiration and ATP levels (4, 10, 13) . ATP is required both as an energy source and as a precursor of regulatory nucleotides for sporulation. Mutants with defective enzymes in their citric acid cycle, as well as cytochrome mutants, sporulate poorly as a result of their inability to produce enough ATP (7, 12, 17) . The effect of light on sporulation might therefore be directly due to curtailed respiration and/or ATP production. Since the activity of certain enzymes believed to be important in coupling oxidative energy to transport is decreased by light and permeation of specific amino acids is inhibited (4, 12) , an alternative explanation would be that light acts on the permeation system in such a way as to lower the concentration of specific amino acids or other metabolites required for sporulation in either a structural or regulatory capacity. Cystine (cysteine), a major constituent of the spore coat, is present in spores in amounts that are three to five times higher than those found in vegetative cells (8) .
The fact that delay of sporulation occurs only at shorter wavelengths of light indicates that the molecule(s) responsible for this phenomenon must absorb light in this region of the spectrum. Of the numerous molecules that meet this criterion, special consideration must be given to the quinones, flavoproteins, and cytochromes as potential photosensitizers in sporulation inhibition. Not only do these molecules absorb light in the appropriate regions of the spectrum, but also, they are known to be destroyed both in vitro and in vivo by nearultraviolet and blue light (4, 6, 10, 11, 19) , and they make up essential parts of the respiratory complex of the vegetative cell as well.
